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During  embryonic  development,  the  axons  of  both  vertebrates  and  
invertebrates  must  coordinate  in  a  precise  way  to  lead  to  the  successful  
development  of  the  nervous  system.    This  is  achieved  by  expression  of  cell  
adhesion  molecules  (CAMs)  and  cell  surface  receptors  by  the  axons  in  the  
developing  brain.    I  am  interested  in  two  genes  from  Drosophila  
melanogaster that  are  members  of  the  immunoglobulin  superfamily:  
Lachesin (Lac)  and  Amalgam  (Ama).    Ama arose  as  a  duplication  of  Lac  in  
early  Dipteran  evolution,  and  both  proteins  share  extensive  amino  acid  
similarity.  Despite  the  high  level  of  amino  acid  sequence  similarity  between  
Ama and  Lac,  these  two  proteins  have  distinct  differences  in  binding  
properties.  This  project  is  an  attempt  to  locate  and  characterize  those  
differences  in  binding  specificity.    I  also  intend  to  identify  orthologues of  Lac  
and  Ama in  other  Dipteran  species  to  understand  how  these  binding  
properties  evolved.  
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I  have  begun  working  on  an  
in-­depth  analysis  of  Lac  and  
Ama through  online  whole-­
genome  shotgun  sequence  
databases.    In  addition  to  the  
9  versions  of  Lac  and  Ama
that  have  previously  been  
characterized  in  my  lab,  I  
have  located  genes  in  14  
different  Dipteran  species  
that  are  orthologues of  Lac  
and/or  Ama.    This  analysis  is  
giv ing  me  a  better  
understanding  of  the  
evolution  of  these  genes.    
Fig.  8:  Multiple  sequence  alignment  of  Lac  and  Ama from  Dipteran  species.    This  is  a  segment  of  one  
of  the  C-­type  immunoglobulin  domains.
Fig.  6:  Western  blot  of  Lac-­sec-­HA  media  combined  
with  other  S2  cells.    From  left  to  right,  the  samples  
are  S2  cell  pellets  of  Nrt,  Lac,  Ama-­GPI,  AmaTM,  S2  
control  cells.    Lane  7  has  a  molecular  weight  ladder,  
and  lanes  9  and  10  are  Lac-­sec-­HA  media  on  its  
own.
Fig.  7:  Same  Western  blot;;  but  this  one  was  done  with  
Ama-­HA  media  instead  of  Lac-­sec-­HA.
Cell  aggregation  assays  with  
orthologues
• Once  all  the  orthologues of  Lac  and  
Ama are  characterized,  they  will  be  
c loned  out  of  the  respective  
genomes  and  used  for  cell  
aggregation  assays  among  genes  of  
different  species
• I  have  already  cloned  Lac  and  Ama
from  Drosophila  v irilis ,  Megaselia
abdita,  and  Drosophila  willis toni;;  I  am  
currently  working  on  ligating  them  
into  pMet
• In  species  where  Lac  and  Ama are  
less  diverged,  I  may  observe  that  
neither  are  able  to  bind  Nrt,  and  they  
may  be  able  to  interact  with  each  
other.
• Previous  work  done  in  this  lab  involved  creating  
chimeric  constructs  of  Lac  and  Ama.  Using  PCR  
techniques,  the  three  immunoglobulin  domains  of  
Lac  and  Ama were  put  together  in  several  different  
combinations.    Both  GPI-­linked  and  secreted  
versions  of  these  proteins  were  made.
• Experiments  with  the  GPI-­linked  chimeras  
showed  that  each  protein  led  to  homophilically
bind.  
• Results  showed  that  the  first  immunoglobulin  
domain  was  responsible  for  this  specificity.    
• Addition  of  the  HA  tag  to  the  end  of  the  secreted  versions  of  Ama and  Lac  using  PCR.
• Preliminary  experiment:  must  first  determine  that  HA  tag  does  not  interfere  with  proper  
secretion  or  binding  properties  (Western  blot)
Result
• I  had  originally  
expected  to  see  
binding  specific ity  in  
these  Western  blots.    
However,  due  to  the  
presence  of  secreted  
protein  in  the  negative  
control  (lane  5),  this  
result  shows  that  
there  is  a  lot  of  
background  present.    
• This  could  have  been  
due  to  nonspecific   
endocytosis  causing  
the  cells  to  take  up  
proteins  like  secreted  
Ama and  Lac  from  the  
extracellular  media.    
Bioinformatic analysis  of  Lac  and  Ama
Fig.  1:  Binding  
models  of  Lac  and  
Ama.    Lac  (light  
blue),  is   membrane-­
linked  and  
homophilicallybinds  
itself.  Ama (orange)  







(Nrt)  (dark  blue)  
combined  with  
homophilic binding.
Fig.  2:  GPI-­linked  chimeric  proteins  which  
are  able  to  homophilically bind  
themselves.
• Now  that  we  know  
the  domains  that  
are  responsible  for  
homophilic binding,  
I  want  to  study  the  
binding  specific ity  
of  secreted  Ama for  
Nrt.  
• I  will  be  creating  
secreted  chimeric  
constructs  to  use  in  
binding  assays  with  
Nrt.  
• In  order  to  detect  
secreted  versions  
of  these  chimeras,  I  
need  a  way  to  
detect  each  protein.  
Conclusion
The  only  conclusion  that  can  be  drawn  from  this  is  that  the  HA  tag  does  not  interfere  with  the  secreted  
property  of  these  proteins;;  however,  this  does  not  prove  that  it  isn’t  interfering  with  the  normal  binding  
properties.    In  fact,  that  is   another  possible  explanation  for  why  the  result  had  so  much  background.    It  is   
possible  that  the  HA  tag  is  causing  the  secreted  proteins  to  bind  to  all  S2  cells,  no  matter  which  genes  the  
cells  may  be  expressing.
Fig.  5:  Secreted  versions  of  Lac  and  Amathat  are  HA-­
tagged.    This  allows  anti-­HA  antibodies  to  bind  either  
protein. Further  testing  of  epitope  tag• I  need  to  be  confident  that  the  addition  of  the  HA  tag  to  secreted  proteins  
does  not  interfere  with  the  normal  binding  pattern.
• Add  secreted  protein  media  to  Nrt,  Lac,  and  Ama-­GPI  expressing  cells;;  
protein  gel  and  antibody  staining  to  test  for  presence  of  HA-­tagged  proteins
Secreted  constructs
• If   the  HA  tag  isn’t  interfering  with  binding  patters  of  these  proteins,  I  will  
construct  secreted  chimeras  with  HA  tags.    These  secreted  proteins  can  
be  used  in  S2  cell  aggregations,  and  can  be  detected  with  anti-­HA  
antibodies.
• These  experiments  are  expected  to  reveal  the  cause  of  binding  




Fig.  3:  Schneider  2  (S2)  cell  aggregation  assays.    This  k ind  of  assay  has  been  used  to  
determine  the  binding  behaviors  of  proteins.    When  chimeric  proteins  were  expressed  in  
fluorescently  labeled  S2  cells,  homophilicbinding  was  observed.    However,  chimeras  with  
the  same  Ig  domain  1  would  heterophilically bind,  revealing  that  the  first  Ig  domain  is  
responsible  for  this  binding  property.    This  particular  assay  was  between  fluorescent  cells  
expressing  Ama-­GPI  and  non-­fluorescent  cells  expressing  L1L2A3-­GPI.    Only  homophilic
binding  was  observed. Office  of  Undergraduate  Education;;  Undergraduate  Research  Office
Fig.  9:  Phylogenetic  
tree.    This  tree  shows  
the  Dipteran  
divergence  of  Lac  
and  Ama.    The  
protein  sequences  
species  that  are  more  
ancestral  are  more  
closely  related  to  Lac,  
the  more  ancestral  
gene.    
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